Purpose Controversy still exists as to the best surgical treatment for periprosthetic shoulder infections. The aim of this multi-institutional study was to review a continuous retrospective series of patients treated in four European centres and to assess the respective eradication rate of various treatment approaches. Methods Forty-four patients were available for this retrospective follow-up evaluation. Functional and clinical evaluation of treatment for infection was performed using the Constant-Murley score, visual analogue scale and patient satisfaction Neer score. Erythrocyte sedimentation rate, serum leucocyte count and C-reactive protein were measured and shoulder X-ray examination performed prior to surgery and at the latest follow-up. Results At a mean follow-up of 41 months (range 24-98), 42 of 44 patients (95.5%) showed no signs of infection recurrence/persistence. Comparable eradication rates were observed after resection arthroplasty (100%; 6/6), two-stage revision (17/17) or permanent antibiotic-loaded spacer implant (93.3%; 14/15). No patient was treated by one-stage revision. On average, both functional and pain scores improved significantly; the worst joint function was observed after resection arthroplasty. Conclusions This retrospective analysis conducted on the largest published series of patients to date shows comparable infection eradication rates after two-stage revision, resection arthroplasty or permanent spacer implant for the treatment of septic shoulder prosthesis.
Introduction
Infection after primary shoulder arthroplasty ranges from 1% 10% after revision surgery [1] [2] [3] [4] [5] [6] [7] . For subacute and chronic periprosthetic shoulder infection, there is controversy about the best treatment strategy. Different authors suggest a twostage revision, which is regarded as the standard method of care by some authors [8, 9] . However, recent reports have shown similar results after one-stage revision [3, 5, 10] , whereas both one-and two-stage revisions achieve acceptable pain control and good shoulder function. Proubasta et al proposed the use of a permanent antibiotic-impregnated cement spacer in the septic shoulder after arthroplasty. They stated that this could be a valid treatment option in the elderly, low-demand patient [7] . Themislocleous et al. recently published their series of 11 patients with a permanent cement spacer. They concluded that in the low-demand patient, one can expect infection and pain control, with limited shoulder function [11] , and similar results were found in a more recent publication by Coffey and Crosby [12] . On the other hand, Verhelst et al. found no difference in clinical outcome in a mixed retrospective series of patients undergoing either resection arthroplasty or a spacer implant for chronic shoulder infection of different pathogenesis [13] .
The aim of this study was to provide a significant contribution to the published case series of septic shoulder prostheses by reviewing pre-operative relevant data, treatment choice and results in four different European centres dedicated to treating bone and joint infections, over a ten year period.
Materials and methods
Local internal review board (IRB) approval was obtained at each participating centre prior to the start of the study. The study was performed under the aegis of the European Bone and Joint Infection Society. Epidemiological and clinical data were gathered using a standard data sheet, distributed electronically to all participating centres. Between January 1999 and November 2009, fifty-three patients were referred for treatment of a periprosthetic shoulder infection to one of the four participating centres. Forty-four patients (28 women and 16 men) were available for this retrospective follow-up. Mean patient age at the time of admission to one of the participating centres was 63 (range 28-80) years. At the time of prosthetic implant, 18 patients had undergone previous surgery at least once (between one and six procedures); reasons for joint replacement were mainly primary osteoarthritis and previous trauma (Table 1) . Patients were classified according to the time interval between arthroplasty and the diagnosis of infection [14] : in early (septic complication diagnosed within two months of surgery; nine patients), delayed (diagnosed between two and 12 months of surgery; 21 patients) and late (diagnosed at least 12 months after implant; 14 patients). Diagnosis of infection was attained using the criteria established by Spangehl et al. [15] . The types of implanted prosthesis are reported in Table 1 .
Functional and clinical evaluation of the treatment received to cure the infection was performed using the Constant-Murley score (CMS) [16, 17] and the visual analogue scale (VAS), whereas patients' satisfaction was assessed according to the Neer score [18] . Abduction and external rotation were also measured, and all patients received a standard shoulder X-ray examination at the time of surgery and at the latest follow-up (face/profile/scapular Y view). Erythrocyte sedimentation rate (ESR), serum leucocyte count and C-reactive protein (CRP) were measured prior to surgery and at follow-up. Infection eradication was assessed according to the criteria reported by Coste et al. [3] , which included the absence of any of the following clinical signs and investigations: draining sinus; positive serum leucocyte count; positive ESR; Positive CRP; positive joint aspiration cultures; loosening of the components on standard radiographs (defined as a complete line greater than one mm around one or both components) and periosteal reaction; positive three-phase bone isotope scanning. Statistical analysis was performed using the paired t test for continuous series of data.
Results
Of the 53 patients originally admitted for a periprosthetic shoulder infection to the four participating centres between January 1999 and November 2009, 44 were available at follow-up and were included in the study ( (Table 3) .
Preoperative hospital stay ranged from zero to 27 days (mean 4.9+-5.8 days), whereas postoperatively, the average hospital stay was 26.1+-25.4 (range nine to 110 days). As to the type of treatment; debridement was performed in five patients, and in three of them, mobile parts of the prosthesis were exchanged also; six more patients underwent resection arthroplasty and 15 received an antibiotic-loaded cement spacer as a definitive treatment. In these patients, the spacers were custom-made in 11 cases and preformed in the remaining four. No one-stage shoulder revision was reported, whereas 17 patients (38.6%) underwent a two-stage procedure, in the majority of cases with a reverse prosthesis ( Table 4 ). In one patient, an arthrodesis was performed after failed previous multiple operations. Complications after surgery were observed in seven cases (15.9%). Two patients suffered a humeral fracture during surgery, and five (11.4%) experienced instability/dislocation of the implant.
As to antibiotic therapy, treatment duration was around six weeks in 19 patients (44.2%), whereas 24 patients received antibiotics for up to five months. A single antibiotic was rarely administered, and an association and/or subsequent administration of multiple drugs was most commonly preferred, with two to four different antibiotics employed in the same patient (Table 4) . At a mean follow-up of 41.1+- CT computed tomography, CRP C-reactive protein (Fig. 1) ; the mean calculated Constant score increased from 26+-15 preoperatively to 38.3+-16.3 postoperatively (P00.007, paired t test) (Fig. 2) , with an active abduction and external rotation recorded at follow-up of, respectively, 52.7°+ -25.2°and 12°+-10.8°. Resection arthroplasty was associated with the poorest functional outcome (Table 5) . Notwithstanding the relatively poor final functional outcome, the selfreported global patient satisfaction, scored according to Neer, yielded 14 patients who were very satisfied (31.8%) and 21 satisfied (47.7) with their final result.
Discussion
Periprosthetic shoulder infection is a serious complication. Although different treatment options have been reported, a consensus about the best therapeutic strategy is still lacking [19] . To our knowledge, this is the largest continuous series of infected shoulder prosthesis ever reported. Also for the first time, our study provides an insight into treatment strategies followed during the last decade in four different European centres dedicated to the treatment of bone and joint infections. As regards the clinical presentation of septic complications in shoulder prosthesis, our data reveal that pain is the most frequently reported symptom, whereas other clinical signs of infection may be lacking and preoperative microbiological examination may often be negative. This finding is not surprising and has been previously described in periprosthetic infections after hip and knee replacement [20, 21] . On the other hand, intraoperative microbiology examination, even if performed without ultrasound, nearly doubled the chances of isolating the causative micro-organism; this finding is different from that reported by Weber et al. [19] , which showed a 100% positive intraoperative cultural examination, but is consistent with many other studies, where only a variable percentage of all intraoperative swabs showed positive growth [3, 4, 6, 9, 10] . Our organism spectrum was similar to that reported in most other studies, with Staphylococcus and Propionibacterium spp. being the most commonly isolated bacteria, both pre-and intraoperatively. In particular, Propionibacterium is an agent frequently encountered in infected shoulder arthroplasties but only rarely seen in knee or hip infections [9, 10, 19, 22, 23] . Pre-and postoperative hospital length of stay was assessed for the first time in this study and was extremely variable. This parameter could be useful for further analysis to establish direct costs of treating septic shoulder prosthesis, similar to that done for the septic hip revision surgery [24] . As regards clinical results, our data show a relatively high overall average infection eradication rate; in particular, permanent spacer implant, resection arthroplasty and twostage revision showed the highest success, whereas debridement yielded less satisfactory results, as previously reported by others (Table 5 ). The overall high cure rate in our series and the significant improvement in pain may explain the relatively high patient satisfaction observed in this series compared with that previously reported by other authors, despite the relatively poor final functional score.
Limitation of this retrospective study include:
-Patient selection bias: It is possible that candidates to different treatments were different in the various centres. The relative proportion of type A, B or C hosts is not considered, and this has been shown to influence the final result [27] [28] [29] [30] . -Postoperative treatment: Type and duration of antibiotic therapy may influence the eradication rate of infection observed in different surgical treatments. -Spacer implants were all included as a same procedure:
However, different types of spacers exist, and this may vary final results of both infection eradication and final functional output. -There is a lack of data on one-stage procedures: This treatment was not performed in any of the centres. -The low number of patients: Even if the one reported in Table 5 is, to our knowledge, the most comprehensive review of available data, including those presented from our four centres, when dividing the results according to the different procedures, the absolute numbers become relatively small and not homogenous for the different procedures, thus introducing a further bias.
In conclusion, our results favour a permanent spacer implant and two-stage revision as the best treatment to eradicate periprosthetic shoulder infection and positively influence functional outcome. However, limitations and bias still warrant the opportunity for prospective, randomised multicentre studies to better confirm the relative efficacy of the different surgical treatment modalities.
